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SEMICONDUCTOR DEVICE 
MANUFACTURING METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a method of manufacture of a 

semiconductor device. 
Priority is claimed on Japanese Patent Application No. 

2004-325070, ?led Nov. 9, 2004, the content of Which is 
incorporated herein by reference. 

2. Description of Related Art 
LSI devices and other integrated circuits have been 

mounted in portable telephone sets, notebook-type personal 
computers, PDAs (Personal Digital Assistants), and other 
electronic equipment, in efforts to make electronic equip 
ment more compact and provide sophisticated functions. 
Such LSI devices and other integrated circuits contain ?eld 
effect transistors (MOSFETs), capacitors, resistors and simi 
lar, integrated and stacked on a semiconductor substrate. 

HoWever, trends toWard greater compactness of electronic 
equipment in recent years have led to increased demands for 
smaller device components, and it has become increasingly 
necessary to reduce the ?lm thickness of gate oxide ?lms in 
MOSFETs. In light of such circumstances, it is anticipated 
that reduced gate oxide ?lm thicknesses Will give rise to 
problems of degradation of the reliability of the gate oxide 
?lm (TDDB degradation, increased leakage currents, 
reduced Withstand voltages, and similar) in such processes 
as impurity doping using the gate electrode as a mask and 
plasma damage during gate electrode processing, and ion 
implantation into channel regions, source regions, and drain 
regions. 
As one solution to such problems, a MOSFET formation 

method using a dummy gate pattern has been proposed (see 
for example Japanese Unexamined Patent Application, First 
Publication No. 2004-241751). This dummy gate pattern 
formation method is described brie?y as folloWs. First, a 
dummy insulating ?lm, Which is a thin silicon oxide ?lm, is 
formed on the silicon substrate surface. Next, a polysilicon 
?lm for use as a dummy gate pattern is formed on the 
dummy insulating ?lm. Then, photolithography and etching 
are used to pattern the polysilicon ?lm in the shape of the 
dummy gate pattern. Next, the dummy gate pattern is used 
as a mask to perform ion implantation of the silicon substrate 
With the dummy insulating ?lm intervening, forming a 
channel region and source and drain regions. Then, the 
dummy gate pattern and pad oxide ?lm are removed, and a 
trench portion is formed. A buried gate insulating ?lm and 
gate electrode are formed in this trench portion. 

In this method, after ion implantation using the dummy 
gate pattern as a mask, the dummy gate pattern and dummy 
insulating ?lm are removed, and then a neW gate insulating 
?lm and gate electrode are formed. By this means, plasma 
damage during gate electrode shaping, damage upon ion 
implantation into the channel region and source and drain 
regions, and other data to the neWly formed gate insulating 
?lm and gate electrode can be avoided. 

HoWever, in the method disclosed in the above patent 
document, a plurality of processes, including formation of a 
dummy gate pattern oxide ?lm, deposition of a polysilicon 
?lm, patterning of the polysilicon ?lm, etching, and forma 
tion of a dummy gate pattern, are necessary in order to form 
the dummy gate pattern. Further, the polysilicon used as the 
material of the dummy gate pattern is generally expensive. 
Also, processing at high temperatures is required in order to 
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2 
pattern the polysilicon to the prescribed shape, so that large 
amounts of energy are necessary. 

In addition, despite the fact that the dummy gate pattern 
requires these numerous processes, entails high costs, and 
requires large amounts of energy, the dummy insulating ?lm 
and dummy gate pattern formed on the silicon substrate in 
the above disclosed patent document are removed from the 
substrate after ion implantation. 
Hence in the case of a pattern Which is ultimately 

removed, there is thought to be an urgent need for proposals 
of a method of formation of a dummy gate pattern Which can 
be formed at loW cost, and Which can Withstand the elevated 
temperature and other conditions of ion implantation pro 
cesses even When formed at loW cost. 

SUMMARY OF THE INVENTION 

This invention Was devised in light of the above problems, 
and has as an object the provision of a semiconductor device 
manufacturing method Which incurs loW costs in the dummy 
gate pattern formation process, and simpli?es the dummy 
gate pattern formation process. 

In order to resolve the above problems, this invention is 
characterized in having forming a mask element on a 
substrate; patterning the mask element into a prescribed 
shape, and forming a depression in the mask element; 
placing a functional liquid in the depression; drying the 
functional liquid placed in the depression so as to form a 
functional ?lm; annealing the functional ?lm; and, removing 
the mask element so as to form a dummy gate pattern of a 
residue of the functional liquid. 

In a conventional dummy gate formation method, a plu 
rality of processes, including dummy gate pattern oxide ?lm 
formation, polysilicon ?lm deposition, resist patterning, 
etching, resist removal, and dummy gate pattern formation, 
are necessary to form the dummy gate pattern. 

In this invention, a dummy gate pattern is formed using 
novel processes completely different from conventional 
dummy gate pattern formation processes. 

Speci?cally, a dummy gate pattern is formed by perform 
ing the processes of dummy gate pattern oxide ?lm forma 
tion, mask element patterning, functional liquid application, 
functional liquid drying, functional ?lm baking, and mask 
element removal. When compared With conventional meth 
ods, in this invention the mask element is patterned to form 
a depression, and functional liquid is placed directly into this 
depression to form a dummy gate pattern. Hence there is no 
need to deposit a polysilicon ?lm When forming a dummy 
gate pattern, as in the prior art. Moreover, the accompanying 
etching process to pattern the polysilicon into the prescribed 
shape can also be eliminated. Hence Whereas in the prior art 
the dummy gate pattern removed after ion implantation 
incurred substantial manufacturing costs and time, by means 
of this invention a material generally less expensive than 
polysilicon can be used, so that costs can be reduced. 
Moreover, machining precision similar to that of the prior art 
can be employed to form a dummy gate pattern of the 
prescribed shape. Through simpli?cation of manufacturing 
processes and consequent reduction of the types of manu 
facturing equipment required, plant design, including equip 
ment, can be streamlined. 

In this speci?cation, “functional liquid” is a general term 
for a liquid having a prescribed function; such functions may 
be electrical or electronic functions (conductivity, insulating 
property, pieZoelectricity, pyroelectricity, dielectric prop 
erty, or similar); optical functions (selective light absorption, 
re?ectivity, polariZing property, selective light transmissiv 
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ity, nonlinear optical properties, ?uorescence, phosphores 
cence or other luminescence, photochromism, or similar); 
magnetic functions (hard magnetic properties, soft magnetic 
properties, nonmagnetic properties, magnetic permeability, 
or similar); chemical functions (adsorption, desorption, 
catalysis, hydrophilic properties, ionic conduction, redox 
properties, electrochemical properties, electrochromic prop 
er‘ties, or similar); mechanical functions (Wear resistance or 
similar); thermal functions (thermal conductivity, thermal 
insulating properties, infrared emissive properties, or simi 
lar), biological functions (biocompatibility, antithrombotic 
properties); or similar. 

It is desirable that in the semiconductor device manufac 
turing method of this invention, the functional liquid contain 
a compound Which forms a siloxane bond or a polysilaZane. 

In this con?guration, a functional liquid is used Which 
contains a compound having a siloxane bond or a polysila 
Zane, so that by subjecting the functional liquid to heat 
treatment or similar, a silicon oxide ?lm can be formed as 
the dummy gate pattern. 

Moreover, in general after performing ion implantation of 
the substrate using the dummy gate pattern as a mask, the 
substrate is subjected to heat treatment in order to cause the 
ions to diffuse in a prescribed region (in a prescribed depth 
direction or Width direction) in the substrate. At this time, the 
temperature may for example be substantially 1000° C., and 
the substrate is treated in an elevated temperature state. In 
this invention, hoWever, a functional liquid is used With a 
compound having a siloxane bond or With a polysilaZane 
added. As a result, the functional liquid is resistant even to 
heat treatment at such elevated temperatures. Hence the 
dummy gate is resistant to the heat treatment used to 
promote ion diffusion, so that satisfactory ion implantation 
can be performed. 

Further, it is desirable that in the semiconductor device 
manufacturing method of this invention, at least an upper 
surface of the mask element be subjected to liquid-repel 
lency imparting treatment. 
When placing the functional liquid in the depression 

formed in the mask element, if functional liquid remains on 
the mask element, there may be causes in Which the mask 
element cannot be removed in the mask element removal 
stage due to the residue of the functional liquid. In this 
invention, the mask element is subjected to liquid-repellency 
imparting treatment, so that the functional liquid can be 
placed in the depression of the mask element Without 
leaving functional liquid on the mask element, and conse 
quently reductions in production yield can be avoided. 

Further, it is desirable that the semiconductor device 
manufacturing method of this invention, further having: 
forming an insulating layer on the substrate so as to cover 
the dummy gate pattern, after removing the mask element so 
as to form the dummy gate pattern; removing a portion of the 
insulating layer to expose the dummy gate pattern and 
?attening the insulating layer and the dummy gate pattern; 
removing the dummy gate pattern surrounded by the insu 
lating layer by using etching treatment so as to form a 
depression in the insulating layer; and, forming a gate 
electrode Within the depression With the gate insulating ?lm 
intervening, Wherein an etch rate for the dummy gate pattern 
is higher than an etch rate for the insulating layer. 

For example, When using the damascene gate method or 
replacement method to remove the dummy gate pattern 
portion and form a depression, and then form a gate elec 
trode, Wiring and similar, the etch rate of the dummy gate 
pattern is higher than the etch rate of the insulating layer, so 
that only the dummy gate pattern can be selectively 
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4 
removed. As a result, a depression for formation of the gate 
electrode is formed in the insulating layer, and by placing a 
metal or similar in this depression, the gate electrode can be 
formed. 

Further, it is desirable that in the semiconductor device 
manufacturing method of this invention, the insulating layer 
contain a carbon-doped silicon oxide, and that the dummy 
gate pattern consist of a silicon oxide. 
By means of this con?guration, the insulating layer is 

formed using a carbon-doped silicon oxide. The carbon 
doped silicon oxide is a liquid-repellency, and repels etching 
?uid during etching, and therefore is resistant to etching 
?uid. 

Consequently the etching selectivity (silicon oxide/car 
bon-doped silicon oxide ?lm) is large, and the silicon oxide 
can be removed by selective etching. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to ID are cross-sectional vieWs shoWing 
dummy gate pattern formation processes. 

FIGS. 2A to 2E are cross-sectional vieWs shoWing ?eld 
effect transistor formation processes. 

DETAILED DESCRIPTION OF THE 
INVENTION 

BeloW, aspects of the invention are explained, referring to 
the draWings. 

In one aspect, processes to manufacture a MOSFET 
having an LDD structure are explained, referring to the 
draWings. First, the processes to form a dummy gate pattern 
for use as a mask, When implanting impurities into silicon 
substrate in a prescribed concentration, are explained in 
detail. In each of the draWings used in the folloWing expla 
nation, the scales of the various members have been modi 
?ed appropriately to a siZe enabling visual identi?cation of 
the members. 
Method of Formation of Dummy Gate Pattern 

FIGS. 1A to ID are cross-sectional vieWs shoWing the 
processes for formation of a dummy gate pattern in this 
aspect. 

First, as shoWn in FIG. 1A, a device separation ?lm 12 is 
formed, to provide electrical insulation betWeen adjacent 
devices. Speci?cally, a reactive ion etching (RIE) method or 
similar is used to form a shalloW trench portion in the silicon 
substrate 10. This trench portion is then buried by an 
insulating ?lm, to form a device separation ?lm 12 With a 
so-called STI (ShalloW Trench Isolation) structure. 

Next, the CVD method is used to form a ?rst silicon oxide 
?lm 14 of prescribed ?lm thickness over the entire surface 
of the silicon substrate 10, as shoWn in FIG. 1A. 

Next, in the resist application process, resist 16 (mask 
element) is applied to the entire surface of the ?rst silicon 
oxide ?lm 14, as shoWn in FIG. 1A. Then, in the depression 
formation process, a photomask having an aperture portion 
in the region corresponding to the dummy gate pattern is 
used to expose the resist 16, transferring the prescribed 
pattern. In this aspect, positive-type resist is used, but a 
negative-type resist can also be used. Next, development of 
this exposure pattern is performed. In this Way, a trench 
portion H1 corresponding to the dummy gate pattern, 
described beloW, is formed (FIG. 1A). This dummy gate 
pattern is formed as a substitute for the gate electrode, and 
the dummy gate pattern is used as a mask to perform ion 
implantation; hence it is desirable that the dummy gate 
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pattern be formed so as to be equal to the gate Width and 
length of the gate electrode, described beloW. In the depres 
sion formation process, there are cases in Which resist 16 
remains as a residue Within the trench portion H1, and 
particularly on the bottom surface at Which the silicon 
substrate 10 is exposed. In such cases, it is desirable that the 
bottom surface of the trench portion H1 be subjected to 
atmospheric-pressure plasma treatment, to perform ashing 
of the resist 16. 

Next, in the liquid-repellency imparting treatment pro 
cess, the entire surface of the resist 16, including the trench 
portion H1, is subjected to liquid-repellency imparting treat 
ment, as shoWn in FIG. 1B. Speci?cally, the surface of the 
resist 16 applied to the entire surface of the silicon substrate 
10, including the trench portion H1, is subjected to plasma 
treatment, using as the treatment gas CF4, SP5, CHF3, or 
another ?uoride gas. As shoWn in FIG. 1B, by means of this 
plasma treatment a liquid-repellency ?lm 18 is formed on 
the surface of the resist 16, including the trench portion H1. 
In this aspect, liquid-repellency imparting treatment is per 
formed on the substrate surface to form a liquid-repellency 
?lm 18; but in place of the resist 16, a bank material having 
liquid-repellency properties in advance can be used, and it is 
desirable that the liquid-repellency imparting treatment is 
performed only on the surface of the resist 16. As the method 
of performing liquid-repellency imparting treatment on the 
resist 16, a micro-contact printing method can also be 
employed. The above treatment gas is not limited to tet 
ra?uoromethane, and another ?uorocarbon gas can be used. 

Further, it is desirable that a self-organizing ?lm be 
formed, by for example using ?uoroalkylsilanes (FAS) in the 
liquid-repellency imparting treatment, With each of the com 
pounds arranged such that ?uoro-alkyl groups are positioned 
on the surface of the resist 16. In this case also, liquid 
repellency properties are imparted uniformly to the surface 
of the resist 16. 

Examples of compounds formed by such a self-organizing 
?lm include heptadeca?uro-l,l,2,2-tetrahydrodecyl tri 
ethoxysilane, heptadeca?uro-l,l,2,2-tetrahydrodecyl tri 
methoxysilane, heptadeca?uro-l , l ,2,2-tetrahydrodecyl 
triechlorosilane, trideca?uoro-l , l ,2,2-tetrahydrooctyl tri 
ethoxysilane, trideca?uoro-l , 1,2,2-tetrahydrooctyl tri 
methoxysilane, trideca?uoro-l , l ,2,2-tetrahydrooctyl 
triechlorosilane, tri?uoropropyl trimethoxysilane, and other 
?uoroalkylsilanes (hereafter “FAS”). These compounds may 
be used individually, or tWo or more types may be combined. 
A self-organizing ?lm consisting of organic polymer ?lm is 
formed on a substrate by placing the substrate and the above 
starting-material compounds in a sealed container, and leav 
ing the container at room temperature for substantially tWo 
to three days. This is a method of formation from the vapor 
phase; but self-organizing ?lm can also be formed from the 
liquid phase. For example, the substrate may be immersed in 
a solvent containing the starting-material compound, then 
cleaned and dried, to form a self-organizing ?lm on the 
substrate. 

Next, in the functional liquid placement process as shoWn 
in FIG. 1C, the functional liquid is placed in the trench 
portion H1 shoWn in FIG. 1B. BeloW, the functional liquid 
placed in the trench portion H1 in this aspect is explained in 
detail. As the functional liquid used in this aspect, it is 
desirable that an inorganic polymer material having, as its 
basic structure, a siloxane bond, be dispersed in an organic 
solvent. 

In this case, it is desirable that an alcohol or similar be 
used as the organic solvent in Which the functional liquid is 
dispersed. 
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6 
As another functional liquid, it is desirable that a polysi 

laZane (a generic term for a polymer having an SiiN bond) 
dispersed in an organic solvent be used. One polysilaZane is 
[SiH2NH]n (Where n is a positive integer), called poly 
(perhydrosilaZane). When the H in [SiH2NH]n are replaced 
With alkyl groups (for example methyl groups, ethyl groups, 
or similar), an organic polysilaZane is obtained, and may be 
distinguished from inorganic polysilaZanes. In this aspect, it 
is desirable that an inorganic polysilaZane be used. In this 
case, it is desirable that xylene or similar be used as the 
organic solvent in Which the functional liquid is dispersed. 
By including a polysilaZane in the functional liquid, heat 
resistance in the annealing (baking) process described beloW 
is obtained. 
As a functional liquid, it is also desirable that a silixon 

oxide ?lm precursor, or minute particles of a silicon oxide 
?lm dispersed in an organic solvent, be used. The functional 
liquid is applied to the trench portion H1 formed in the resist 
16 by for example the spin coating method. At this time, the 
top surface of the resist 16 is subjected to liquid-repellency 
imparting treatment. Consequently the functional liquid 
applied to the top surface of the resist 16 is imparted a 
liquid-repellency, and moreover centrifugal force acts, so 
that no functional liquid remains on the upper surface of the 
resist 16. On the other hand, the trench portion H1 is also 
subjected to liquid-repellency imparting treatment, similarly 
to the upper surface of the resist 16, but the functional liquid 
applied to the trench portion H1 does not escape to the 
outside from the trench portion H1, due to the barrier 
presented by the side Walls of the trench portion H1. Thus 
functional liquid can be placed and remain in only the trench 
portion H1 formed in the resist 16. As the method used to 
place the functional liquid in the trench portion H1, in 
addition to spin coating, a slit coating method, dip coating 
method, spray coating method, printing method, ink jet 
method, or various other methods can be adopted. 

Next, in the drying process, the functional liquid placed in 
the trench portion H1 is dried, as shoWn in FIG. 1C. 
Speci?cally, a heater or other heating mechanism is for 
example used to remove the organic solvent in the functional 
liquid. By this means, an insulating ?lm (a dummy gate 
pattern, described beloW) consisting of a silicon oxide ?lm 
is formed in the trench portion H1, as shoWn in FIG. 1C. 
Because the resist 16 is resistant to temperatures in the range 
100° C. to 200° C., there is no occurrence of problems such 
as melting of the resist 16 in the drying process. 

Next, in the annealing (baking) process, the insulating 
?lm (dummy gate pattern, described beloW) obtained by 
removing the organic solvent in the functional liquid, as 
shoWn in FIG. 1C, is annealed. Speci?cally, the treatment 
temperature is for example set in the range 350° C. to 450° 
C., and the insulating ?lm is subjected to heat treatment for 
a prescribed length of time in an oxygen, nitrogen, or H2O 
environment at atmospheric pressure. 

Then, as shoWn in FIG. 1D, the resist 16 is removed from 
on top of the silicon substrate 10. Speci?cally, the resist 16 
applied in the n-MOS region is removed by light etching 
using HP or another etchant. The remaining resist 16 can 
also be subjected to ashing, by performing plasma treatment 
at atmospheric pressure. 

In this Way, a dummy gate pattern 20 consisting of a 
silicon oxide ?lm (insulating ?lm) is formed in the region in 
Which a gate electrode, described beloW, is to be formed on 
the silicon substrate 10, as shoWn in FIG. 1D. 

In this aspect, a dummy gate pattern 20 is formed using 
novel processes completely different from conventional 
dummy gate pattern formation processes. 
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Speci?cally, a dummy gate pattern 20 is formed by 
performing the processes of forming a dummy gate pattern 
oxide ?lm 14, patterning resist 16, applying a functional 
liquid, drying the functional liquid, baking the functional 
?lm, and removing the resist 16. When compared With 
conventional methods, in this invention resist 16 is patterned 
to form a depression H1, and functional liquid is placed 
directly into this depression H1 to form a dummy gate 
pattern 20. Hence there is no need to use polysilicon When 
forming a dummy gate pattern 20, as in the prior art. 
Moreover, the accompanying etching process to pattern the 
polysilicon into the prescribed shape can also be eliminated. 
Hence Whereas in the prior art the dummy gate pattern 20 
removed after ion implantation incurred substantial manu 
facturing costs and time, by means of this invention a 
material generally less expensive than polysilicon can be 
used, so that costs can be reduced. 

Moreover, machining precision similar to that of the prior 
art can be employed to form a dummy gate pattern of the 
prescribed shape. Through simpli?cation of manufacturing 
processes and consequent reduction of the types of manu 
facturing equipment required, plant design, including equip 
ment, can be streamlined. 

Method of MOSFET Formation 
Next, FIGS. 2A to 2E are used to explain a method of 

formation of a MOSFET having an LDD structure, using the 
above-described dummy gate pattern. Component elements 
common to the dummy gate pattern formation processes 
shoWn in FIG. 1 are assigned the same symbols, and detailed 
explanations are omitted. 

First, as shoWn in FIG. 2A, impurity ions (for example, 
phosphorus) are implanted at loW concentration using a 
dummy gate pattern 20 as a mask in order to form a LDD 
(Lightly Doped Drain) structure, to form an n— type diffu 
sion region in n— type silicon substrate 10. 

Next, a silicon nitride ?lm (Si3N4) or silicon oxide ?lm is 
deposited on the entire surface of the n— type silicon 
substrate 10 so as to cover the dummy gate pattern 20. Then, 
RIE (Reactive Ion Etching) is used to perform etching. By 
means of this etching treatment, silicon nitride ?lm (Si3N4 
?lm) or silicon oxide ?lm is left in the side Walls of the 
dummy gate pattern 20, forming a tapered side Wall insu 
lating ?lm 30 such as shoWn in FIG. 2A. 

Next, impurity ions (for example arsenic (As+)) are 
implanted at high concentration using the dummy gate 
pattern 20 and side Wall insulating ?lm 30 as a mask, to form 
an n+ type diffusion region 34. An n— type diffusion region 
36, Which is a loW-concentration impurity region, is formed 
directly beloW the side Wall insulating ?lm 30. By this 
means, a so-called LDD structure is obtained. Here, an LDD 
structure is adopted; but it is also desirable that an n— type 
diffusion region alone be formed, or that an n+ type diffusion 
region alone be formed, in a so-called single source/drain 
structure. It is also desirable that the depth and other 
dimensions of the impurity di?‘usion region be adjusted by 
performing heat treatment. 

Next, CVD is used to deposit a carbon-doped silicon 
oxide ?lm (SiOC) onto the entire surface of the n— type 
silicon substrate 10 so as to cover the dummy gate pattern 
20. CMP (Chemical-Mechanical Polishing) is then used on 
the entire surface of the carbon-doped silicon oxide ?lm thus 
deposited to polish the surface until the dummy gate pattern 
20 is exposed, and the upper surface of the carbon-doped 
silicon oxide ?lm is made ?at. By this means, a ?rst 
inter-layer insulating ?lm 32 (insulating layer), consisting of 
carbon-doped silicon oxide ?lm, is formed along the side 
Wall vicinity of the dummy gate pattern 20. 
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8 
Next, Wet etching is used to selectively remove a portion 

of the dummy gate pattern 20 formed so as to be surrounded 
by the ?rst inter-layer insulating ?lm 32, as shoWn in FIG. 
2C, to form the trench portion H2. 

BeloW, the Wet etching process of this aspect is explained 
in detail. 

Dilute hydro?uoric acid is used as the etchant. The dilute 
hydro?uoric acid is prepared by diluting 50% concentration 
hydro?uoric acid With Water, so that the ratio of hydro?uoric 
acid to Water is 1:99. 

In this aspect, the ?rst inter-layer insulating ?lm 32 is 
formed as a carbon-doped silicon oxide ?lm, and the dummy 
gate pattern 20 is formed as a silicon oxide ?lm. Hence the 
?rst inter-layer insulating ?lm 32 formed from the carbon 
doped silicon oxide ?lm has liquid-repellency properties, 
and repels the etchant, and so is resistant to the etchant of 
dilute hydro?uoric acid. Thus in the process shoWn in FIG. 
2B, When the etchant is used to perform Wet etching, the 
(silicon oxide ?lm/carbon-doped silicon oxide ?lm) selec 
tivity is high, so that it is possible to selectively etch only the 
dummy gate pattern 20. Thus the dummy gate pattern 20 is 
removed as shoWn in FIG. 2C and a trench portion H2 for 
a gate electrode is formed in the ?rst inter-layer insulating 
?lm 32. 

Next, as shoWn in FIG. 2D, CVD is used to deposit a 
silicon oxide ?lm and a dielectric ?lm (for example a Ta2O5 
?lm) over the entire surface of the ?rst inter-layer insulating 
?lm 32, including the trench portion H2. Then, photolithog 
raphy is used to perform patterning in a prescribed shape, 
such that the silicon oxide ?lm and similar remain only on 
the side faces and bottom face inside the trench portion H2. 
By this means, a gate insulating ?lm 42 consisting of a 
silicon oxide ?lm is formed on the side faces and bottom 
face of the trench portion H2. 
When the gate insulating ?lm 42 is a dielectric ?lm, it is 

desirable that a thin silicon oxide ?lm be formed at the 
interface, or that a nitride ?lm be formed directly on the 
silicon surface using TP (a Rapid Thermal process) in an 
NH3 gas atmosphere, so that interface energy levels and 
similar are not easily formed at the interface With the silicon. 

Next, as shoWn in FIG. 2D, a conductive material such as 
a metal ?lm (Ru ?lm, TiN ?lm, W ?lm, tungsten nitride 
(WNx), or else a multilayer ?lm combining these such as a 
W ?lm plus TiN ?lm) is deposited over the entire surface of 
the ?rst inter-layer insulating ?lm 32, so as to bury the trench 
portion H2. CMP is then used to polish the conductive 
material formed on top of the ?rst inter-layer insulating ?lm 
32, so that conductive material remains only in the trench 
portion H2. By this means, a gate electrode 44 is formed on 
the gate insulating ?lm 42 of the trench portion H2. Of 
course, When using as the gate insulating ?lm a multilayer 
?lm Which includes a CVD SiO2 ?lm, CVD SiON ?lm, or 
a CVD Si3N4 ?lm, it is desirable that a polycrystalline 
silicon ?lm doped With impurities be used as the gate 
electrode. 

Next, as shoWn in FIG. 2E, a second inter-layer insulating 
?lm 38, Which is a silicon oxide ?lm, is deposited over the 
entire surface of the ?rst inter-layer insulating ?lm 32. Then, 
contact holes 40 for the source electrode 46 and drain 
electrode 48 are formed. Next, aluminum, Which is a con 
ductive material, is deposited over the entire surface of the 
second inter-layer insulating ?lm. Photolithography is then 
used to pattern the aluminum layer into a prescribed shape, 
to form the source electrode 46 and drain electrode 48. At 
this time, the aluminum is packed into the contact holes 40 
to electrically connect the source electrode 46 and source 
region 34 and to electrically connect the drain electrode 48 
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and drain region 34. In this Way, a MOSFET 54 having an 
LDD structure is formed, as shown in FIG. 2E. 

In this aspect, the damascene gate method or replacement 
method is used to remove the dummy gate pattern 20 formed 
so as to be surrounded by the ?rst inter-layer insulating ?lm 
32, to form the trench portion H2, after Which the gate 
electrode 44 is formed. By means of this aspect, the etch rate 
for the dummy gate pattern 20 is faster than the etch rate for 
the ?rst inter-layer insulating ?lm 32, so that it is possible to 
selectively etch and remove only the dummy gate pattern 20. 
As a result, by placing metal or polysilicon in the trench 
portion H2, a gate electrode 48 can be formed. 

Further, in this aspect a functional liquid containing a 
compound Which forms a siloxane bond or a polysilaZane is 
used to form the dummy gate pattern 20. Consequently, 
When performing ion implantation using the dummy gate 
pattern 20 as a mask, or When using CVD to deposit the ?rst 
inter-layer insulating ?lm 32 or similar, the dummy gate 
pattern 20 is resistant to heat treatment. Hence ion implan 
tation processes, CVD processes and similar can be per 
formed satisfactorily. 

Electronic Equipment 
The above-described ?eld e?fect transistor can be installed 

in various electronic equipment. For example, application is 
possible in portable telephones, liquid crystal projectors, 
personal computers (PCs) and engineering Workstations 
(EWS) With multimedia support, pagers, Word processors, 
television sets, vieW?nder-type or direct-vieW camcorders, 
electronic organiZers, desktop electronic calculators, car 
navigation equipment, POS terminals, devices equipped 
With touchscreens, and other electronic equipment. 

The technical scope of this invention is not limited to the 
above-described aspects, but includes various modi?cations 
to the above-described aspects Which do not deviate from 
the gist of the invention. 

For example, it is desirable that the above liquid-repel 
lency imparting treatment process be performed over the 
entire surface of the resist 16 before formation of the trench 
portion H1 in the resist 16. In an aspect above, the entire 
surface of the resist 16 Was subjected to liquid-repellency 
imparting treatment; but it is also possible to place the 
functional liquid in the trench portion H1 Without perform 
ing liquid-repellency imparting treatment. It is also desirable 
that liquid-repellency imparting treatment be performed 
only on the surface of the resist 16 excluding the trench 
portion H1. 

The material used for the dummy gate pattern 20 and ?rst 
inter-layer insulating ?lm 32 is not limited to the materials 
described above, and various materials can be employed so 
long as the (?rst inter-layer insulating ?lm 32/dummy gate 
pattern 20) selectivity is high. 

In the above aspects, the ?rst inter-layer insulating ?lm 32 
Was formed as a single carbon-doped silicon oxide ?lm 
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(SiOC); in place of this, it is desirable that a tWo-layer 
structure be employed, in Which a silicon oxide ?lm is ?rst 
formed, and then a carbon-doped silicon oxide ?lm is 
formed. By this means, the surface of at least the ?rst 
inter-layer insulating ?lm 32 can be made a liquid-repel 
lency, so that adequate selectivity With respect to the dummy 
gate pattern is obtained, and it is possible to selectively 
remove only the dummy gate pattern. 

In this aspect, a case of application of the dummy gate 
pattern 20 to a MOS-type transistor Was explained; of course 
application to a TFT (Thin Film Transistor) is also possible. 

What is claimed is: 
1. A semiconductor device manufacturing method com 

prising: 
forrning a mask element on a substrate; 
patterning the mask element into a prescribed shape, and 

forming a depression in the mask element; 
placing a functional liquid in the depression; 
drying the functional liquid placed in the depression so as 

to form a functional ?lm; 
annealing the functional ?lm; and, 
removing the mask element so as to form a dummy gate 

pattern of a residue of the functional liquid. 
2. The semiconductor device manufacturing method 

according to claim 1, Wherein the functional liquid com 
prises a compound Which forms a siloxane bond, or a 
polysilaZane. 

3. The semiconductor device manufacturing method 
according to claim 2, Wherein at least an upper surface of the 
mask element is subjected to liquid-repellency imparting 
treatment. 

4. The semiconductor device manufacturing method 
according to claim 1, further comprising: 

after removing the mask element so as to form the dummy 
gate pattern, forming an insulating layer on the sub 
strate so as to cover the dummy gate pattern; 

removing a portion of the insulating layer to expose the 
dummy gate pattern and ?attening the insulating layer 
and the dummy gate pattern; 

removing the dummy gate pattern surrounded by the 
insulating layer by using etching treatment so as to 
form a depression in the insulating layer; and, 

forming a gate electrode Within the depression With the 
gate insulating ?lm intervening, Wherein 

an etch rate for the dummy gate pattern is higher than an 
etch rate for the insulating layer. 

5. The semiconductor device manufacturing method 
according to claim 4, Wherein the insulating layer comprises 
a carbon-doped silicon oxide, and the dummy gate pattern 
comprises a silicon oxide. 

* * * * * 


